Characterization of genetic diversity has long been a major goal in tobacco breeding programs. Information on genetic diversity is essential for a rational use of genetic resources. In the present study, the genetic variation among 72 flue-cured tobacco genotypes was evaluated using microsatellite markers (SSRs). A set of 104 alleles was generated at 30 SSR loci. The mean number of alleles per locus (n a ) and the effective allele number (n e ) were 3.467 and 2.358, respectively. The expected heterozygosity ranged from 0.29 to 0.75 with average of 0.54. Several methods were used to construct the similarity matrices and dendrograms. The co-phenetic correlation coefficient, which is a measure of the correlation between the similarities represented on the dendrograms and the actual degree of similarity, was calculated for each dendrogram. Among the different methods, the highest value (r=0.76368) was observed for the UPGMA created based on Jaccard's similarity coefficients. The genetic similarity among the tobacco genotypes calculated by using Jaccard's similarity coefficient ranged from 0.08 to 0.84, suggesting the presence of high molecular genetic variability among the studied tobacco genotypes. Based on UPGMA clustering method all studied flue-cured tobacco genotypes, except for 'Glustinusa Rasht' , were placed in three distinct groups. We observed an obvious heterotic pattern in the studied flue-cured germplasm corresponding to genetic distances and classification dendrogram, which persuades exploitation of heterosis in flue-cured tobaccos.
Introduction
Nicotiana belongs to family Solanaceae and has been divided into three subgenera (Rustica, Tabacum and Petunioides) which contain more than 64 recognized species. Only two natural amphidiploid species, Nicotiana tabacum L. and Nicotiana rustica L. with 2n=48 chromosomes (Raju et al., 2008) have widely been cultivated as a medicinal herb, trade commodity and as crop plant in many different cultures for thousands of years (Yang et al., 2007; . This plant is widely utilized as a model system in plant cell-cultures and genetic engineering researches . Recently, use of tobacco seed oil as a renewable and potential source of energy was reported by authors (Giannelos et al., 2002) . Because of its economic importance and value in biological researches, numerous investigations have been undertaken to examine its evolutionary origin and genome structure and organization .
Numerous types of tobacco are defined by different criteria such as region of production, intended use in cigar (i.e., filler, binder and wrapper) and cigarette manufacturing, method of curing (flue-, air-, sun-and fire-cured tobacco) as well as morphological and biochemical characteristics (i.e., aromatic fire-cured, bright leaf tobacco, Burley tobacco, Turkish or oriental tobacco) (Ren and Timko, 2001 ). Flue-cured tobacco (Nicotiana tabacum L.) is one of the most important commercial types of tobacco in the world (Liu et al., 2009 ) and uses as a main component in American Blend type cigarettes.
Tobacco breeding aims to develop varieties with wide adaptability, higher yield potential and suitable chemical constituents for cigarette industry. To explore the genetic potential and select suitable parents, it is necessary to study genetic diversity of tobacco germplasm (Yang et al., 2007) . Characterization and quantification of genetic diversity has long been a major goal in tobacco breeding programs. Information on genetic diversity is essential for a rational use of genetic resources. Morphological, karyotypic, and physiological characters have already been used to study the genetic diversity of tobacco germplasm (Goodspeed, 1945; Zhang, 1994; Zhang et al., 2005) . However, morphological characters usually vary with environments. The number of karyotypical characters is limited, and study of
Materials and methods

Plant material and DNA extraction
Seventy-two flue-cured tobacco genotypes provided by Urmia Tobacco Research Center were investigated in the present study (Tab. 1). Seeds of genotypes were cultivated in pot and grown in growth chamber at 25±2°C. Genomic DNA was extracted from the leaves of 50-days-old seedlings using the CTAB-based method (Reichardt and Rogers, 1994) . Genomic DNA was re-suspended in 100 μL TE (10 mM Tris, 1 mM EDTA). The concentration of each DNA sample was determined spectrophotometrically at 260 nm (BioPhotometer 6131; Eppendorf, Hamburg, Germany). The quality of the DNA was checked by running 2 μl DNA in 1% (w/v) gels in 0.5X TBE buffer (45 mM Tris base, 45 mM boric acid, 1 mM EDTA pH 8.0). The DNA samples with smear in the gel were rejected.
Thirty SSR markers out of 278 from the tobacco SSR database (Blinder et al., 2007) were used for DNA fingerprinting (Tab. 2). The choice of SSR markers was based on clarity of produced bands and their genetic locations in order to give a uniform coverage of the tobacco genome (Blinder et al., 2007) .
Polymerase chain reaction (PCR)
Amplifications were performed in a volume of 25 µl containing 10 µM of each primer, 0.5 unit of Taq DNA polymerase (CinnaGen, Tehran, Iran), 10 mM of each dNTP (BioFluxbiotech, http://biofluxbiotech.com), 2 µl of 10X PCR buffer, 50 mM MgCl 2 (CinnaGen, Tehran, Iran), ddH2O and 50 ng DNA by using a 96-well Eppendorf Mastercycler Gradient (Type 5331, Eppendorf AG, Hamburg, Germany). Thermal cycles were programmed for 36 cycles as follows: 1 min at 94°C, 1.5 min at 55°C, and 1.5 min at 72°C, with an initial melting of 4 min at 94°C, and a final extension of 10 min at 72°C. The reaction products were mixed with 5 µl of formamide dyes (98% formamide, 10M m EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol) and resolved in a 3% (w/v) agarose gel in 0.5X TBE buffer, stained with 1.0 µg ml -1 ethidium bromide and photographed under UV light using a Gel-Doc image analysis system (Gel Logic 212 PRO, USA). genotypic diversity based on isozyme variation is restricted to a few polymorphic enzyme systems encoded by a small number of loci (Zhang et al., 2006) .
During the last two decades, DNA-based molecular markers have been extensively used for a variety of purposes in many animal and plant systems. DNA markers such as RFLP (Restriction Fragment Length Polymorphism; Botstein et al., 1980) , RAPD (Random Amplified Polymorphic DNA; Williams et al., 1990) , SSRs (Simple Sequence Repeats; Rafalski and Tingey, 1993) , AFLP (Amplified Fragments Length Polymorphism; Vos et al., 1995) , as well as SNP (Single Nucleotide Polymorphism; Haff and Smirnov, 1997) has accelerated and facilitated the genetic diversity and evolutionary studies in plants. Molecular markers have become useful tools to provide a relatively unbiased method of quantifying genetic diversity in plants. Studies on the genetic diversity were performed by several researchers in the genus Nicotiana using different molecular markers. used RAPD and AFLP markers to assess the genetic similarity among selected flue-cured tobacco accessions. Arslan and Okumus (2006) studied the genetic polymorphism of cultivated tobaccos (Nicotiana tabacum L.) in Turkey by RAPD markers. Qi et al. (2006) used ISSR markers to study genetic diversity in Chinese tobacco germplasm and reported that the genetic basis was comparatively narrow in studied germplasm. The recent development of several hundred microsatellite markers for tobacco (Bindler et al., 2007) has opened the ways of analysing molecular genetic diversity in this crop. Microsatellite markers, mainly due to their high polymorphism, random distribution and co-dominant Mendelian inheritance, are the most reliable markers for cultivar identification and genetic diversity studies. They were applied in tobacco researches for identification of inbred lines and cultivars (Davalieva et al., 2010; Siva Raju, 2011) . Davalieva et al. (2010) classified 10 tobacco genotypes into three groups using 24 SSR markers. SSR markers have been successfully employed to reveal genetic variation in chewing tobacco genotypes (Siva Raju, 2011) . With the recent advent of high-density SSR maps for tobacco (Bindler et al., 2007) , it is feasible to estimate genetic variation with a large number of SSR markers that are well distributed across the tobacco genome. The main advantage of using markers with known map positions is ability to create sufficient coverage over the genome. It is thus possible to avoid overrepresentation of certain regions of the genetic map that can produce inaccurate estimates of genetic similarities among individuals.
Iran, due to its geographical situation, is one of the most favourable regions for flue-cured tobacco cultivation. Little is known about the genetic variability of the available germplasm for flue-cured tobacco in Iran. The present study aimed to determine and assess the genetic variability of different local and exotic flue-cured tobacco using tobacco-specific simple sequence repeat (SSR) markers. This is the first report about the genetic diversity of flue-cured tobacco in Iran.
Data analysis
The amplification products were scored for the presence (1) and absence (0) of bands across the 72 genotypes to construct a binary data matrix. Mean number of allele per locus (n a ), effective allele number (n e ), allele frequency, observed and expected heterozygosities (H o and H e , respectively) were estimated using the GenAlEx software version 6.41 (Peakall and Smouse, 2006) .
, where i a n is the number of alleles at i th locus. Brown and Weir, 1983) , where i e n is the effective al-
Results and discussion
Out of 278 SSR primer pairs tested (Blinder et al., 2007) , 30 primer pairs were selected according to their polymorphism (Tab. 2). One hundred and four alleles were generated at 30 SSR loci. The size of amplified PCR products ranged from 140 to 322 bp (Tab. 2). Number of allele per locus ranged from 2 to 6 (PT30285 locus) suggesting the presence of high molecular genetic variability among the studied tobacco genotypes which are in agreement with the finding of Davalieva et al. (2010) , Denduangboripant et al. (2010) , and Moon et al. (2008; by means of SSR, AFLP and SSR markers, respectively. In the current study, the mean number of allele per locus was 3.46, which was similarly reported in Macedonian tobaccos with average of 3 alleles per locus (Davalieva et al., 2010) . The effective allelic number (n e ) was 2.36 on average and ranged from 1.398 to 4.01. This parameter takes into account both the number of alleles and their frequencies. It allows us to compare genotypes where the number and distributions of alleles differ drastically. The observed heterozygosity ranged from 0.00 to 0.94, with an average of 2.36. Six loci did not show any heterozygosity. The expected heterozygosity ranged from 0.29 to 0.75 with average of 0.54. The informativeness of SSR markers were measured by expected heterozygosTab. 1. Name of the flue cured tobacco genotypes and their special cluster group based on un-weighted pair-group method using arithmetic average (UPGMA) algorithm and Jaccard's similarity coefficient on simple sequence repeat data 
lelic number at i th locus, and q j the frequency of the j (Lynch and Milligan, 1994) , where i H is the expected heterozygosity of the i th locus, and q ij is the frequency of the j th allele at i th locus. Different methods were used for calculating similarity matrices and constructing dendrograms. The efficiency-of-clustering algorithms and their goodness-of-fit were determined based on co-phenetic correlation coefficients. Data analyses were performed using the NTSYS-pc version 2.11 software (Rohlf, 1998) .
ity. SSR markers with high heterozygosity values such as PT30126 and PT30285 could be effectively used in genetic diversity studies. There is a considerable difference between observed and expected heterozygosity for several analysed SSRs, indicating lack of Hardy-Weinberg equilibrium. This situation could be consequence of selection or gene flow or even the genetic drift. Wright fixation index (F) ranged from 0.00 (PT30202, PT30324, PT30285, PT30124, PT30205) to 1.00 (PT30241, PT30332, PT30110, PT20275, PT30171, and PT30250) with an average of 0.64 (Tab. 3).
Different methods were used to construct the similarity matrices and dendrograms (Tab. 4). The co-phenetic correlation coefficient, a measure of the correlation between the similarities represented on the dendrograms and the actual degree of similarity, was calculated for each dendrogram (Tab. 4). Among the different methods, the highest value (r=0.76368) was observed for the UPGMA method based on Jaccard's similarity coefficients (Tab. 4). Therefore, the dendrogram constructed using this method was used to depict the genetic diversity of the flue-cured tobacco genotypes (Fig. 1) . The genetic similarity among the tobacco genotypes varied from 0.08 (between 'Geaderthermer' and 'Hawana142' genotypes) to 0.84 (between 'MC101' and 'Vo3/15' genotypes) based on Jaccard's similarity coefficient, which indicates the high level of genetic variation among studied flue-cured tobacco genotypes. This result also validates that this collection is a valuable tobacco germplasm that has not been exposed to degradation yet. Davalieva et al. (2010) indicated a wide range of genetic diversity among the selected tobacco varieties using SSR markers. In a SSR marker study, it was demonstrated that the most of the US Nicotiana germplasm collection are considerably distinct from each other (Moon et al., 2009 ) that is in agreement with the present results. In contrast to the present results, Yang et al. (2007) TGATTTGTATTGACAGCGTGAAG TTGTTTAGTTACCCTATTTGACTTGC  TA  55  16  PT30332 230  AAACCGAACCGAACTGATTT  TCAAATTTATGATTCTTGTAGCGAA  TA  55  16  PT30124 228  TCCTCCAACCAAACTCAAGC  TTTCTGTTCGCGTTTCAAAT  TA  55  4  PT30110 213  TTGTACGTTCCTCGCTGATG  GGCCGACAATAAAGTGGCT  TA  55  21  PT20275 184  GTTCTATTTGATCGCCCC  AACAGCACCAACAGCATT  CTT  55  5  PT30260 225 GGTAGGGTGGAACAAATTTATCA  AATATGGTCTATGCCCGCAA  TA  55  8a  PT30067 204  AAGCCTGGTCAGTTATCCCA  ATTCGCACCACTTAATCCCA  TA  55  2  PT30126 208  GTGATTCCAGCGGAAGACAT  TTCGAAATAAGTACCTAGAGTCGG  TA  55  10  PT30034 216 GACGAAACTGAGGATATTCCAAA  TGGAAACAAAGCCATTACCC  TAA  55  22  PT30008 192  CGTTGCTTAGTCTCGCACTG  GGTTGATCCGACACTATTACGA  TA  55  11  PT30165 224  ACCTCTGTGGCCGTAAGCTA  CCTCTACTTCAACAGGGTAAGAAA  TAA  55  19  PT30014 205  TGCCGTGTAAATTTCATTTGG  AGGATTCCTAACGTGTATTATGTTCT  TA  55  11  PT30272 140  GAACCTAACCTCGCTCCACA  AAATGGTAGCTGCGAGGAGA  GA  55  4  PT30171 218  CCCATGCATGCCTAATTTCT  CCCAGAAGCCCTTATACAACC  TA  55  24  PT30172 216  AAACAACGTCGAAGCATTTG  ACGCATGAAATTGTAAGGGC  GAA  55  4  PT30205 193  GGTCGATCCACAATTTAAACG  GCACTTGCTCCTTTGTACCC  TA  55  3b  PT20287 164  CGCCACAACAACTCACCTTA  TCATGCATGTTTCTCCTCCTT  AAG  55  3a  PT30250 177  GAACACACGTTCGTCATTGG  ATAAGTCCCTTTAATTTAATTGCG  TAG  55  10  PT30292 156  AAGACAGATTGGTGCGGAAC  AGCACTTGGACAGGCGAATA  TA  55  7 AT: Annealing temperature, LG: linkage group ences in results reported by various studies could be due to differences in number of studied genotypes, their genetic background, and number of markers used as well as techniques applied to detect polymorphism.
and Okumus (2006) UPGMA= un-weighted pair-group method using arithmetic average tions of genetic material were not observed in the studied germplasm collection.
Conclusions
Identification and quantification of genetic diversity has long been a major aim in plant breeding programs. Information on genetic diversity is essential for use of genetic resources in breeding programs. It is especially useful in characterizing individual, accessions and cultivars as well as in detecting duplications of genetic material in germplasm collections. As a consequence, it is important to select appropriate parents for hybridization in breeding programs and in developing informative mapping populations for QTL identification. Hybridization between any distantly related individuals is expected to yield more heterosis and vigorous plants constituting much of the different traits contained in the two parental lines. The present study shows that development of SSR markers is a valuable issue for genetic diversity studies within the genus Nicotiana.
Based on UPGMA clustering method the studied flue-cured tobacco genotypes, except for genotype 'Glustinusa Rasht' were separated into three distinct groups. The majority of genotypes clustered in group 2. Seven male sterile genotypes ('Vo3/3' , 'Vo3/4' , 'Vo3/5' , 'Vo3/6' , 'Vo3/10' , 'Vo3/11' , and 'Vo3/15') were included in the present study as well. They all displayed a similar DNA fingerprint. These genotypes situated in group 2. The genotype 'Vo3/15' showed high genetic similarity (0.84) with 'MC101' genotype. Genotype 'Vo3/3' showed low similarity (0.38) to 'Virree48' . Genotype 'Vo3/4' located in the same sub-cluster with 'FixedA1' genotype. Other male sterile genotypes ('Vo3/11' , 'Vo3/6' , and 'Vo3/10') located near to each other in cluster 2. Male sterile lines persuade the application of line × tester design in fluecured tobacco breeding programs. In this study, genotype 'Glustinusa Rasht' was placed into a separate cluster, emphasizing the existence of high level of difference between this genotype and others. Regarding to genetic distances and classification dendrogram, there is obvious heterotic pattern in this flue-cured germplasm which persuade exploitation of heterosis in flue-cured tobaccos. Duplica- Fig. 1 . Dendrogram of 72 flue-cured tobacco genotypes generated by un-weighted pair-group method using arithmetic average (UPGMA) clustering based on Jaccard's coefficients of similarity on the simple sequence repeat (SSR) data
